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艺，探索了 1μm 线条的最佳光刻条件，同时探究了热氧化厚度和时间的关系。 























The surface plasmon（SP）wave is a special surface electromagnetic wave 
associated with the collective oscillation of free electrons in metals when coupled 
with high frequency electromagnetic wave (eg. optic wave). It possesses a series of 
peculiar properties, such as very high spatial localization enhancement of the field 
near the surface, overcoming of the diffraction limit and spatial localization within 
subwavelength, that attracted highly focused of many researchers. However, the 
development of surface plasmon devices is restricted to the intrinsic absorption of 
metal and the limit of excited ways. For the situation, we mainly aim the following 
two aspects work at studying and exploring in the thesis. 
Firstly, we explore the techniques of preparing the silca film doped with erbium 
to make it as gain material to compensate the loss of surface plasmon devices. For 
different levels of isopropyl alchol (IPA) in the solution, we respectively study the 
film quality, film thickness, the luminescence properties of films together with the 
luminescence properties of films for different substrate. We find that the more 
magnitude of IPA, the thinner the film thickness is. However, the quality and 
lunminous efficiency of the film may be terrible for too less IPA in the solution. By 
the way, we utilize software program to realize the measurement of the thickness and 
index of the film, which are credible in our opinion . The last we also explore the 
photolithography and thermal oxidation techniques of preparing a waveguide, gettng 
the best process conditions of lithography to do one micron line and studying the 
relation of the thermal oxide thickness and the time. 
Secondly, for the limit of unable interacting between trasverse electric (TE) 
polarized light and the surface of metal, we introduce a dielectric layer on the surface 
of metal grating, there will be a discontinuity of the tangential magnetic field 
components on both sides of the transformed surface, which make it possible that the 
TE-polarized light interact with the metal grating. Through the research of resonance 
on the surface of metal grating , we find that the resonance is identified to have a 















the coupling phase matching conditions. Then we adjust the dimensions of metal 
grating and find that when the grooves have a larger size (deeper of wider), localized 
cavity modes will be excited in the grooves, resulting in another type of resonant 
absorption peaks. 
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与电磁表面波相关的最早发现是牛顿(I. Newton, 1643-1727)于 1704 年用棱
镜观测到的全反射现象，它与后来被定义为倏逝波(evanescent wave)的概念相
关。早在 20 世纪初 Sommerfeld 和 Zenneck 确立了射频电磁波沿导体表面传播的
表面波数学形式。而 Wood 于 1902 年在可见光波段的金属光栅上观察到了光强
的异常衰减现象，一直到 1941 年 Fano 才把该现象和前者的理论联系起来，用金
属与空气界面的表面波模型解释了这种异常衰减现象。然后 Ritchie 于 1957 在金
属薄膜上的电子束衍射实验和1968年在光学波段的光栅衍射实验、Kretschmannn
和 Raether 于 1968 年用棱镜耦合激发可见光波段的表面波等研究，将上述相似
的现象用表面等离激元的形式作了一个统一描述[6]。金属微纳结构中的表面等离
激元的应用可以上溯到罗马时代的玻璃染色技术， Mie 于 1908 年讨论金属球散
射问题时建立其数学形式[7]，可严格求解亚波长孔径衍射问题的数学模型[8]由
Bethe 于 1944 年提出。而且随着扫描隧道显微镜 [9] (Scanning Tunneling 
































组成。自由电子的密度高达 23 310 cm− 。如果给金属加上一个交变电场，金属中的
电子的密度就会相应的产生交变起伏，形成自由电子密度振荡，我们把这种集体
振荡现象用准粒子模型进行描述[25]，对于频率为 pw ，波矢为 p的等离激元集体
振荡量子。假设金属中的电子密度为n，我们可以求得等离激元的本征振荡圆频
























图 1.1  (a) 表面等离激元的电场示意图及空间电荷分布. 
(b) 界面处电场强度分布情况[26] 
 
























k επλ ε ε
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           （1.2） 
zdk 、 zmk 分别表示等离激元在Z方向两种介质中的波矢，我们知道金属的介
电常数为复数，由前式可知 spk 、 zdk 、 zmk 都应该为复数。当 zmk 虚部为负数， spk 、
zdk 虚部为正数时，该模式在 X 方向和 Z轴远离界面方向都是衰减的，只局限于
金属与电介质的分界面，如图 1.1(b) 所示。同时在电介质中，场的衰减长度 dδ 大
概为半个波长，而在金属中的衰减长度 mδ 则取决于金属的趋肤深度[27]。又根据











                          （1.3） 
式中的λ 为等离激元波频率所对应的光波的真空波长。 
图 1.2 为金属/介质表面产生的等离激元波和光波色散关系对比图，由图中

























构中的等离激元共振模式称作为局域表面等激元(localized surface plasmon 
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